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IIEMORANDUId REPORT 

f o r  t h e  

Army A i r  Forces , Materiel  Cor;mand 

FULL- SCALZ TUWFL YLi3RSUREMENTS OF THE PRESSURES 0f.J 

THE ELEVATOR AND FUSELAGE OF THE CIJRTISS XP-55 AIRPLANE 

By Richard C .  Dfngeldein 

IN TI? ODUC TI ON 

A t  the  reques t  o f  the Amy A i r  Forces,  Mater ie l  Command, 

f o r c e  t e s t s  and measurements of t h e  p re s su re  d i s t r i b u t i o n  

over the  e l e v a t o r  ana forward p a r t  o f  t h e  fuse lage  mere made 

on a f'lylrig model 02 t h e  Cur t i s s  XI)-55 airplane i n  the NACA 

full-scale tunnel .  The r e s u l t s  of t h e  f o r c e  t e s t s ,  which 

inc lude  lift, drag,  pitching-moment, ar,d e l e v a t o r  hinge- 

moment measurements, have been 1.eported i n  r e fe rence  1. 

The r e s u l t s  of  t h e  e l eva to r  pressure  measurements a r e  g i v m  

i n  t h e  present  paper. 

The XP-55 i s  a low-wing a i r p l a n e  wi th  t h e  engine and 

p r o p e l l e r  loca ted  a t  t h e  r e a r  of the  fuse lage .  Longitudinal 

and d i r e c t i o n a l  c o n t r o l  a r e  obtained by means of an e l e v a t o r  

l oca t ed  a t  t h e  nose of the fuse lage  and by f i n s  and rudders 

a t tached  near  t h e  wing t i p s .  

The p res su res  were measured over  a wide range of  e leva-  

t o r  and e l eva to r  t a b  de f l ec t ions  f o r  s eve ra l  arigles o f  a t -  

t ack  o f  t h e  fuse lage  axfs  w i t h  t he  landing  flaps r e t r a c t e d  

and de f l ec t ed  115'. A few t e s t s  were made t o  de te rn ine  the  
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pressure d i s t r i b u t i o n  over t he  forward  p a r t  of the  fuse lage  
J 

with the e l eva to r  removed. 

An ana lys i s  has been made t o  show the  d i s t r i b u t i o n  of 

normal-force c o e f f i c i e n t  across  the  span of t he  e l eva to r  and 

a comparison i s  given of t h e  e l eva to r  nornal.-force c o e f f i -  

c i e n t s  determined f r o m  tne  pressure measurements and those 

determined f rom the  f o r c e  t e s t s .  Some c a l c u l a t i o n s  hsve been 

made of the  fuse l age  normal-force c o e f f i c i e n t s  b;r means of 

ex i s t ing  t h e o r e t i c a l  kr,owledge and t b e s e  i * e S U l t S  a r e  cacipared 

wi th  the experimental da ta .  Owing t o  the Gcrre:*aL oppl ica-  

b i l i t y  o f  t h e  d a t a  t o  canard-type a i r p l a n e s ,  the  ana1;rsls has 

been extended t o  inc lude  a d i scuss ion  of t he  m t t i a l  effects 

of  the  e leva tor  arid fuselage l o a d i n s s  on the  normal-Force 

d i s t r i b u t i o n s .  

SYMBOLS 

AP d i f f e r e n c e  between f ree-s t ream s t a t i c  p re s su re  and 

l o c a l  s t a t i c  p re s su re  

f r e e - s t r e a n  dynamic p res su re  q0 
N iiorrnal f o r c e  

n s e c t i o n  noma1 f o r c e  

s su r face  a rea  
. '  

C e leva to r  chord 

angle  of a t t a c k  of t h e  f'asclace a x i s  r c l a t i . ve  t o  uF 
f r e e  - s t  r e am d i  r e  c t i  on., deer  e 6 s 
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'n 

cont ro l - sur face  d e f l e c t i o n ,  degrees;  p o s i t i v e  w i t h  

t r a i l i n g  edge down 

s e c t i o n  normal-force c o e f f i s i e n t ,  n/yc 

normal-force c o e f f i c i e n t ,  N/~S 

l-ift coef r ic ie r i t ,  I:/qS . 

e l e v a t o r  e f fec t iveness  

E, 

d6T 

dC 
eievatoia t a b  e f fec t iveness  - 

Subscripts :  

APPARATUS AND 4TZSTS 

The flying model of the  Curtiss P - 5 5  a i rp l ane ,  which 

i s  designated the  Curtiss model  2 @ ,  i s  shown mounted i n  the 

NACA f u l l - s c a l e  tunnel i n  f igu re  1. A three-view drawing 

g iv ing  t h e  important diriiensions of the . a i rp l ane  i s  shown i n  

.f'iguce 2. 

o f  t h e  chord,kas a sTymetrica1 low-drag a i r f o i l  section t ha t  

was developed by t h e  manufacturer. 

with t r i m  tabs having a span of 50 percent  of  t he  e l e v a t o r  

The elevatoq which i s  hifigeci at 13.u percsrr t  

!The e l e v a t o r  i s  equipped 

e 

f 
. T 

e leva to r  

wing flap 

e l  e v at o r  t ab 

F fuselage 
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span and a chord of 25 percent  of the  e l eva to r  chord. 

e l evg to r  was d i r e c t l y  connected t o  the  s t i c k ,  but  t he  t a b  

angle was ad jus ted  by means of a sepa ra t e  con t ro l  i n  t h e  cock- 

p i t .  

The 

Flush-type s t a t i c - p r e s s u r e  o r i f i c e s  were i n s t a l l e d  i n  the  

l e f t  e l eva to r  alncl tab ar;d i n  the l e f t  s i d e  of the fusela.ge. 

The ins ide  d i a m t e r  of the o r i f i c e  tubes was O,O?O inch ,  The 

l o c a t i o n  and i d e n t i f i c a t i o n  of t n e  o r i f i c e s  are given i n  

tables I t o  I11 and i n  figures 3 t o  5 .  
All t h e  t e s t s  were made a t  8 tunnel  a i r speed  of approxi- 

mately 63 miles F e r  hour and with t h e  a i r p i m e  p r o p e l l e r  r e -  

moved. Pressure measurements werc taken f o r  var ious eleva-  

t o r  d e f i c c t i o n s  with t h e  e l eva to r  tab neutral a t  ,angles of 

a t t a c k  of' t h e  fuselage axis of 0,9' ,  4.6', i ; z . O o ,  and 15.8". 
The e f f e c t s  of d e f l e c t i n g  the  e l e v a t o r  t a b  on the pressure  

distributions ovei' t h e  ho r i zon ta l  t a i l  su r f aces  were d e t e r -  

mined a t  angles  or" a t t a c k  of 0.9" acd 12.0'. 

were made with the  :=ding flaps r e t r a c t e d ;  however, a few 

tests were made w i t h  t h e  f laps  d e f l e c t e d  45'. 
t e s t  program i s  l i s t e d  I n  t a b l e  IV. 

HZSULTS Am 31 S C U  SSTOI? 

Most of t he  t e s t s  

The complete 

The t e s t  r e s u l t s  ($ab le3  V and. V I )  have been co r rec t ed  

f o r  jet-boundary e f f e c t s  ( r g f e r e n c e  2 ) ,  t h e  longitudinal 

s t a t i c -p res su re  g rad ien t  i n  the j e t ,  m d  s t r e m "  angle and 

. 

i 
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blocking e f f e c t s  at, t h e  e leva tor  ( r e f e r e n c e  3 ) ,  and there-  

f o r e  d i f f e r  s l i g h t l y  f r o n  t 3 e  d a t a  presented in the pre l imf-  

nary  r 'eports .  Chordwiss pressure d i s t r i b u t i o n s  over the  

e l e v a t o r  and fo rwaya  p a r t  of the fuse lage  were p l o t t e d  from 

# 

t hese  da t a .  Intc.grati  on. of tile chordwi.se p re s su re  distri- 

but ions  gzve t he  d i s t r i b u t i o n  of normal-force c o e f f i c i e n t  

across  t h e  h o r i z o n t a l  tail span which was then  i n t e g r a t e d  t o  

o b t a i n  average va lues  of e l eva to r  and fuse l age  norrial-force 

I *  

c o e f f i c i e n t s .  In t h e  dsl;erA,ilnatf.on of t h e  spanwise nornal- 

f o r c e  distribution, t h e  chord of t he  fuselage has been taken 

as 29.8 ixches,  which corresponds t o  the c h o r i  h t  t he  

e leva tor - fuse lage  juncture.  ,me e leva to r  norlizal-force coef- 

f f c i e n 5 s  a r e  c;ivori i n  table Iv'. 

Chordwise gressurs d i s f r l b u t i c n s .  - I sometr ic  c h a r t s  of 

t y p i c a l  chordwise presa'ime d i s t r i b u t i o n s  over the e l eva to r  

and forwsrd  p a r t  of t he  fuselage m e  presented  i n  figures 6 
t o  1 9 .  Tk;e e f f e c t s  of  t he  e l e v a t o r  %id fuselage l o a d i n g s  

on t h e  resul.tarit p r e s s u r e  d i s t r i b u t i o n s  a r e  c l e a r l y  shown i n  

t h e s e  f i g u r e s ,  The normal f o r c e  or: t h s  f u s s l a ? ?  inc reases  

f o r  p o s i t i v e  d e f l e c t i o n s  of the e l c v a t o r  a i ~ d  decreases  f o r  

nega t ive  d e f l e c t i o n s  of' t h e  e l e v a t o r .  A great;er pe rcen tage ,  

of t h e  normal. f o r c e  on the ho r i zon ta l  tail s u p f a c e  i s  c a r r i e d  

ac ross  t h e  fuse lage  when thp tab f s  de f l ec t ed  with t h e  e leva-  

t o r  n e u t r a l  than  whsn the e leva tor  i s  deflected v i t h  the  t a b  

, 
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n e u t r a l  inasmuch as  the ~ G F )  between toke e l e v a t o r  a x l  the 

fusei.agc is smaller f o r  t a b  d e f l e c t i o n s  than f o r  e l - c v ~ ~ t o r  

deflectlonu. The load on the fuse lage  d i r e c t l y  a f f e c t s  the  

l o a d  on %he e l eva to r  sucn t h n t ,  a t  12igh mp;les of  a t t a c k  of 

t h o  fuse l a se ,  t h e  pres su rc  d i f f e rences  between the  upper and 

lower s u r f a c e s  c\f' t h e  iRboard  scctioi!  o r  the  e l eva to r  are i n -  

creased,  whereas tl:e o u t b o a r d  s ec t ions  a re  n o t  a p p r e c i d ~ ~ y  

a f f ec t ed .  ( S e e  figs. 7 and 16.) It should also b e  noted tha t  

a t  p o s i t i v e  angles o f  a t t a c k  of the fuselage t h e  pressures  

near t h e  t r a i l i n g  edge of t h e  e l e v a t o r  a re  r m m  n ~ g a t i v c :  f o r  

the  fnbohrd  sec t i c n s  t h m  f o r  t he  outboard  s o c t  io:is 

At aF = 12,0° and 6, = 10" ( f i g .  l3), stfill occurred 

ove r  t h e  center  s e c t i o n  o f  the s l e v - t . t o r ,  but t h e  !'dtYelage r e -  

mained uns t a l l ed .  A t  2x1 2ngle of a t t a c k  of 12.9 ( f i g .  1 6 ) ,  

an e leva to r  : ; ,+flection of -i'3Cwould be expected t o  resu l t  i n  

0 

a smaller  e leva tor  lcadirlg thaii i s  shown inasnuch as the  angle  

of  the  e leva tor  with r e spec t  t o  tiL.: f ree-s t ream d i r e c t i o n  i s  

only 2.0'. The high e l eva to r  l o n d l n g  for t h i s  condi t ion  i s  

due t o  t h e  e f f e c t s  of t h e  upwash ahead of' the wing md the 

fuselage-pressure d i s t r i b u t i o n .  The upwash due t o  the  wing 

i nc reases  the e f f e c t i v e  angle of  a t t a c k  and the  norinal-fcrce 

c o e f f i c i c n t  of the  e l eva to r .  The p res su re  differences be- 

. tween t h e  upper  and lower su?.-f3(:cS~ of' the fuse lag5  sxtend 

across a p a r t  of the e l e v a t o r  aiid ter:d t o  increase  the ncca t ive  
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pres su res  on t,he unper surface a t  the r e a r  of t he  e l eva to r .  

These e f f e c t s  increase  with angle of a t t a c k  and c a m e  the e l e -  

va to r  t o  f l c a t  ncse down with r e spec t  t o  t h e  f ree-s t ream 

d i r e c t i o n .  

The s t a t i c - p r e s s u r e  d i f fe rences  between top and bot tom 

l o q i t u d i n a l  s ec t ions  of the fuselage a re  p l o t t e d  i n  f i g u r e s  

20 t o  22 f e r  var ious angles o f  r t t a c k  w i t h  t h e  e l e v a t c r  md 

t a b  Reut ra l .  "he long i tud ins l  l o c a t i o n  o f  the  e l eva to r  w i t h  

r e s p c c t  t o  the fuse l age  i s  drawn t o  s c a l e  i n  each f i g u r e .  c 

The e l eva to r  f l o a t i n g  angles determined frortl t he  f o r c e  t e s t s  

are sklown i r f i g u r e  23.  A t  ap = u.cO,  t h e  e l eva to r  f l o a t s  

a t  -?.OD with r e spec t  t o  t h e  free-stzeau 2 i r e c t i o n .  

f l o a t i n g  ~ i n g l e s  f o r  any p a r t i c u l a r  angle  of a t t a c k  shown i n  

f 'iSure 23 a r e 1 . 5 0 l e s s  than those given fn re ference  1. 

T h i s  discrepancy represents  a c o r r e c t i o n  for t he  d i f f e r e n c e  

i n  t h e  average s t r e a n  angle a c m s s  the e l eva to r  anit wing 

span which has been a p p l i e d  t o  the da ta .  

T'ne 

Span-load d i s t r i b u t i o n .  - The d i s t r i b u t i o n  of  normal-force 

c o e f f i c i e n t  across  the  span of t h e  e l e v a t o r  f o r  t h e  var ious 

t e s t  condi t ions  I s  shown in f igu res  24 t o  29. The loading  

across  the fuselage shown i n  these  f i g u r e s  r ep resen t s  t he  in -  

crement of normal-force c o e f f i c i e n t  dxe only t o  t he  presence 

of t h e  e l eva to r  and was det?ermined from the  d i f f e r e n c e  i n  t h e  

p re s su res  or, t h e  fuse lage  with t h e  e l eva to r  a t tached t o  t he  

a i r p l a n e  and with the  e l Y v a t o r  rexoved. 
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The spanflise d i s t r i b u t i o n s  of normal-force c o e f f i c i e n t  

f o r  var ious  e l e v a t o r  d e f l e c t i o n s  with t h e  t s b  n e u t r a l  and f o r  

var ious t a b  d e f l e c t i o n s  with t h e  e leva to r  n e u t r a l  a t  G = :3.c)u 

a r e  shown i n  f i g u r e s  24 and 25. A comparison of these f i g u r e s  

shows t h a t  a t ab  d e f l e c t i o n  e q u s l  t o  twice t h a t  of  the  el-evator  

produces ve ry  nea r ly  the sane load on the riioritonthl t a i l ;  t h a t  

i s ,  t he  t o t a l  load on the  ho r i zon ta l  . t a i l  su r f ace  produced by 

a -10' t a b  d e f l e c t i o n  with the  e l e v a t o r  Eeu t r a l  i s  very near ly  

equal t o  t h a t  produced by a -5' e l e v a t o r  d e f l e c t i o n  with t i i e  

tab n e u t r a l .  (See  fi3. 2 6 . )  In add i t ion ,  these  f i g u r e s  show 

that f o r  a Given t ab  d e f l e c t i o n ,  khe fuse l age  and t h e  inboard 

s e c t i o n  of the e l eva to r  are riore h ighly  loaded .than f o r  an 

elevatoi- d e f l e c t i o p  producing the  s a z e  normal-force c o e f f i -  

c i e n t .  Figures 27 t o  27 show the spanviise d i s t r i b u t i o n  o f  

normal-rorce c o e f f i c i e n t  a t  a n g l e s  of a t t a c k  of 4.6', 12.0°, 

and l5.8* f o r  v a r i o u s  e l eva to r  d e f l e c t i o n s  with the tab n e u t r a l .  

The e f f e c t  on the  e l eva to r  q a r ,  loadings of d e f l e c t i n g  t h e  
0 wing f l a p s  45" a t  fuse lage  a r i p l ~ s  of  a t t a c k  of 0.9 , i4..6@, m d  

12.0' ( f i g s .  30 t o  34) I s  s m ~ l l .  Reference t o  $he  fo rce  tc . s t s  

( r e fe rence  1) s h w c d  t h a t  thc  avt.i-agf incremefit of  l i f t  coc-ffi-  

c i e n t  due t o  t h i s  f 1 W  d C f l e C ~ i 0 3  was only a b o u t  0 .23 ;  hence, 

t h e  upwash a t  th3 e l eva to r  due t o  d e f l e c t i n g  the  t!fng f l a p s  

is small. 

Normal-force c o c f f i c i e n t s .  - A sixm:iary of the averagc ele- -.--I 

va to r  normal-force Coeff ic ien ts  obt;;ined. frorii t h e  span-lcad 
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I '  

. 
4 

d i s t r i b u t i o n s  of f i g u r e s  24 t o  34 i s  given i n  t a b l e  I V ,  

cornparism i s  made i n  f i g u r e  35 of t h e  e l eva to r  e f f e c t i v e -  

, determfned f rom t h e  p re s su re  d i s t r i b u t i o n s  m d  ness, - 
f r o m  the f o r c e  t e s t s  a t  f O u i *  angles of  a t t a c k  f r o m  0.9' t o  

15.8:. 
t e s t s  was determined by comparing the  p i t ch ing  moments of 

t h e  airplane with the e leva tor  rsmoved and at tached.  The 

A 

dCNe 

d6e 

The e l eva to r  e f fec t iveness  obtained f r o m  the  f o r c e  

e l e v a t o r  e f f  ec t iv sness  o b t a h e d  f r o m  the  pressure  aeasure- 

ments was 0.042 a t  a l l  angles of a t t a c k  as compared w i t h  an 

average value of 0.040 determined fro= t he  f o r c e  t e s t s .  

The small  d i f f e r e n c e  between these values  of 

r e s u l t s  f r o m  t h e  change i n  pitchin[; moment o f  the inboard 

s e c t i o n  of t h e  wing due t o  the e l e v a t o r  t r a i l i n g  v o r t i c e s .  

A t  UF = 15.8' the  value of normal-force c o e f f i c i e n t  d e t e r -  

mined from t h e  f o r c e  t e s t s  a t  any e leva to r  d e f l e c t i o n  was 

about 0.14 g r e a t e r  than that  deterinlned from the prossure  

measurements although the s l o p e s ,  - , were approxi-  

mately equal. This discrepancy probably resu l - t s  Trom the  

*. 

dC 
probably 

d6e 
. 
. 

''Ne 
d6e 

f a c t  t h a t  p a r t  o f  t h e  wFng was s t a l l e d  a t  th i s  angle of a t -  

tack .  . 
Values of t h e  normal-force c o e f f i c i e n t  of t he  e l e v a t o r  

for vs r ious  tab  d e f l e c t i o n s  with e l e v a t o r  n e u t r a l  a t  an 

anzle  of a t t a c k  of 0.9' ape presented i n  f i g u r e  36. The 
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t a b  e f f ec t iveness ,  - dCNe , determined from t hese  r e s u l t s  

L S  O.O&$. This vzlue i s  about one-half a s  large as the  
d6T 

e l e v a t o r  e f fec t iveness .  

The fuselage normal-foTcc c o e f f i c i e n t s  determined from 

t h e  pressure  da t a  with the  e l e v a t o r  removed a re  Given i n  

figure 37. 
normal-force c o e f f i c i e n t s  ca l cu la t ed  by the  nethods presented 

A CoZIparison has beer1 made of .  these  values  and 

dC TJ.? 

aaT 
i n  r e fe rence  4. Although t h e  s lopes ,  4 , a r e  i n  f a i r l y  

good agreenent, t h e  r e s u l t s  based on the  pressure  d a t a  i n d i -  

c a t e  that there  i s  8 sna11 upload on the fuse l age  a t  z w o  

angle  o f  a t t a c k  of  t he  fuse lage  axie.  

sc':.?!!uiRY O F  RES~X,TS 
di'p 

d6e 
1. The e l eva to r  effectiveness, ---A2 , obtained from 

t h e  pressure  n e a s u r m e n t s  was O.O!@. 9%fs valuc was i n  good 

agreement with t'nat determined f r o m  f o r c e  tes ts .  

2. The e f f ec t iveness  of  t he  e l eva to r  t a b  was sbout h a l f  
dCNe as g r e a t  as the e l eva to r  e f f e c t i v e n e s s ;  a value of  

of 0.024 was measured, 

3 .  The change i n  t h e  e l eva to r  normal-force c o e f f i c i e n t  

r e s u l t i n g  froin d e f l e c t i n g  t h e  wing f'la9s 45' was small. 

4. The ncrna l - force  c o e f f i c i e n t s  of t h e  inboard s e c t i o n s  

of' t he  e l eva to r  increassd  as the  loading on the forward p a r t  

of the  fuse lage  increased.  

5 .  A grea te r  percentage of t h e  normal f o r c e  on t h e  eleva-  

t o r  su r f ace  was c a r r i e d  across  t h e  f b s e l a g e  when t h e  tab was 
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d e f l e c t e d  with the  e l eva to r  neu t r a l  than when the e l e v a t o r  was 

d e f l e c t e d  wi th  t h e  t a b  n e u t r a l  iilasmuch as the  gap betaeen t h e  

e l e v a t o r  and t h e  fuse l age  was s;.;laller f o r  tab  d e f l e c t i c n s  than 

f o r  e l eva to r  d e f l e c t i o n s .  

6. The pressure  measurements i nd ica t ed  t h a t  t h e  eleva- 

t o r  will tend t o  float nose down 7:lith r e s p e c t . t o  t h e  f'ree- 

stream d i r e c t i o n  due t o  t h e  e f f e c t s  o f  fuse lage  i n t e r f e r e n c e  

and wing upwash. 

Langley Memot.ial Aeronailtlc a1 Laboratory, 
National Advisory Committee for Aeronautics,  

Larqley F i e l d ,  Va., J'une 14, 1943. 
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